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ABSTRACT : PURPOSE: To obtain a high-contrast image by controlling a polarization state. 

CONSTITUTION: Line-and-space (US) patterns arranged in the longitudinal direction of 
the plane of Fig. are formed in a region C and US patterns arranged in the vertical 
direction of the plane of Fig. are formed In a region D and phase shift films are provided in 
alternately every other space parts (transparent parts). E is an isolated pattern of a square 
shape. A polarizing film 1 5 corresponding to a half-wave plate is provided in the US 
pattern part of the region D and a polarizing film 16 corresponding to a quarter-wavelength 
plate is provided in the part E. The mask Is illuminated with linearly polarized light vibrating 
in the direction parallel with the side of the US patterns in the region C, by which the 
pattern image is stepped onto a wafer. 
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?l^j5lc$n/i::7:^- hTXi^tC^feViT, MgIJS9m«<0^S 

ifi<>u< ^h-mizmf^nitct^nmiir^y:t h 

[S!^JS4] mmjs^->it-m(D:^mzmntstiit 

&nTv^s;i<!:s»atr*si^fliixtt2cD7* 

rty:i-h^7.cf^zmytyt^mmv. mtdy:^]-^^.^^^ 
mm^^myt-r^mz^^T. m^/^^-^^m^-tiz 
^m^'r^n^:^mz^\.^r. 

s&fflv-^ b^$itflwimmmm(D^i^<ommizmf^n 

^tmz. mmn^-><Dm9ii:^i^\z)^cftmj^(r>m3ft 
i^i&<Dyt\z-^mr^Myt^i^ffimfssmmm<D^pu< 

\zmm<Dm^iKm<DK^^mmvx. 1552:7=*- h-^x 
^(D/^^-> ^m^m±^znmm^-r^ c t t 

[000 1] 

^"yyxrMxz^^^^x. mk9^mf&ii\.xm^^^n^y 

[00 0 2] 

[«3feosii5] ^mi^mi'mma^ ^vifyy^ T.mz^ 

V^T, «ISI^MfiStUTfflV^6n-5:7:thTX^ti, - 

^->ffim^^tiitmmt:uvx^f). y^h^y.^^ 
m^mmv. nkit^x^mz^rnx^ytn^-yc^m^f? 

oj^/\m\zm:^XyX^>ti. 

[0 0 0 3] ^fz. SifiTtt, i9J^«C03>h^Xh:& 

fiafesnrvis. i^^^nae 2 - 5 0 8 1 so 
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[0004] 

-5 ^-><r>m&it\zniC>Xi^U\.^ t u ^ fBlJB 
i:J63tffitfc*tt)&^e»;iS:7*hvXi5^Ttt, 
w T;feD. E¥M.I£$n;tf£ffiv:7hvx^Tli, X<7)fi 
>»<Dn>h^Xh*K«5)TVi«>3B^. cnScD^ftfcJi 

[0 0 0 5] z<r>^mt.. ft^Ht^^Aizf^^xts^^ntth 

tx. K#«tt-?ei3>h^xho|g«ig:flB$ii^^^ 
^>:7:r hvx^«««-r*iia:*BWfr««b<0"C* 

» [0 0 0 6] 

[KSfe^tt-rsfc^xo^a:] i|:^3iio7*Kvxi^ 

tt, ist»m^^-^^/^^->tmmmm±\zf^^tEn^ 
^'>y h^mmM(oiBimizwf^tit^iz. ttrie/t^ 

[0 0 0 7] ai5^«2CD:7:t h'^X^ lC*3ttStaffi<B)t 

V mmm^^d/'^^-><om<D&^:^^^^mu:^mlzm§s. 

[0008] si^^ 5 (Dmyt:^m\t. mmmm±izm^ 
1 <^n9->iAm^^nity^y^^7.^\zm^yt^mm 
L> ^uy^h^y.^(r>i&mu^mA'r^mz^r:>x. 
mw^^->^ws^^rf^^ithx^isuL\zm^u^^ 
^m^i3m\z^\i^x. ±gB®»s*iSi«Tsjtd6jc, m 

fl5JC|ftttenfc:7:t hVXi^SrfflVi. hvx^^Jc 
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[00 0 9] *T:feo, m¥iytm^^(D^m^Mi:/)^mic^r3i^x. 

-T) fi, tftj|^3ti5&»&2 2tcJ:r)?M!, «ffi2 3±{cjfea6 [0 0 12] -«W;5:3i9«HiS<JiflDffi»3r»«3Q(t, ICBC 

WKn^Ufc'ba>75«S3(a) , (b) ia3(a) tt, » ;&«SStft 6nTi3 0> 7* h^^X^^ 2 1 jft^eo^lellfr^ 

TE (transverse electric ) «:)fci:l*«tl*«S8T* 0;*:l2r^7fei± 1 ;^:0*r3felCJ;O/'?3?->«i;^t«^ 

®?a:>t*rafe2>. — H3(b) ttTM (traosverse mag 1/2, ± 1 ^IsI^5fecOS«li« 1 /tcTJ^J-So 

nctic ) {^yttm^n^ikmvis^r). m§i^^hj]^<om [o o i 31 &3\zmvx}S^^mz. x mmiEL^jj 

*«At*ffii^ic*>^o M^mtf^mnm^^m(Dy:th'7 ^^mv. o;^®tffyt<D:^{t^^^^ (o, 0. d , ± 

X5^d7T?H, BIS (a) <OTE<i^i03(b) OTMfi^ 1 '^^^^(D:^^^^^^ (± a. 0, r) i:LT, O A 

[0 0 1 13 H3(a) ta3<b) SJtlftT^t«f«J:5 [0 0 14] 

^'^^i? h)\^(om^:^^^i!i^±rmm\zmm.u:f^^\Z'^^^ * 

1 r 0 . ikCOxH Or+lx) 

2 ^ 0 

1 / 0 ^ ik <ax+Oy+ 7 2) 

[0 0 1 51 o:k^ifT^&x^±i'Amm^(oiSim^fi . [o o i ei 
tt (x, 2) « I V I* ^5t/<c*. 49 
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r V 1 f ^ *" ' 
VTe= 1 e + 

^ 0 ^ I 2 , 



1 ikt 1 ikrz ikax >ikax > 
e (e +e ) j 



•35 4 



1 2 

I »t(x. z) = + cos (ka i) -cos lk( 1 - t )aJ 

4 jf 



+ ^ cos'Cka x) 



[0 0 17] —jj. TMsyt<Diftto)»simyt<Dikmi * lo o i s] 



1 r 1 1 ikz 
0 e 

2 ^ 0 J 



•SC5 



'SCO 



-( 5) 

« ^ — o 



ik (ax+Oy+ r «) 



•a; 7 



e ^8 

(0 0 191 o'^miffyt&xs±i:kmmt<Dmm^o , ^ coo 2 03 

Iri (x, z) = I Tir I * tt, ^1 Ot,fi.^. ^ 

1 ik2 1 ikrz ikax -ik<rx 
e + re ( e + e ) 

2 n 



1 ikr X ikax -ikax 
a e ( c - c > 

X 



1 2 

1 tmCx. x) - + — ^ r cos <ka x) • cos {k( 1 - 7 )*! 

4 4- 



+ — ( a » + C r • - a « ) cos* (ka x) } 



a 1 0 

(log slope ) «[€r#;l<b. ^lOn^ • XD-^/fiKt 50 /S: t #<Dai>fla"P* 0, ipS^log 1/ 5i ©lar* 
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4 A 

L Ste- 



[00 2 2] 



•SCI 1 
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4 a 



1 + I 6 a ^/n 
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[0 0 2 3] iC;i2cD-5-^, 4kya\zmfi^^X\^^m 

COT, i5i^fto:^^rv^»ai/i^->e, TEjS3tofii<a a? 

[0 0 2 4] MIC. #®^1^38«, TEfi^tTMfi^t 

^®ytv^:m(o iTEm^tTumift(Dw-i^^m) m9t^ 

^TE«3^ttajC««ILT. TEiS^^ttTftilR;^-*-^ 

[0 0 2 5] STcirr. ^lliiiFS<Djiji»c^t.i6n-5 

[0026] 

[^J6^] 01 (a) , (b) 



^i*:) -5 ^ -f > 7 > H X X /1 3^ — > $ «^ U T 

/2^>fb$-&*<a:*i5x:7h|gi 2*t^tt?.n"rvj-5. * 

-f >T > K X^-X/^3^->^fr *«-5 <fc '5 {C:|fi:*t en 
l<D±«ICf*LT*€.35«, rail (jt3feAi5^-~>?^^® 
[0 0 2 7] ^fZ, S hVX^$ei2TUE9iL 
:7:t hVX^2 l7^.^gg^^^^2 4d^6COK^)tT 
^ - ^ ^ - > ^ o T K3ie3t *t iHi^ $ tlTJHEMrt 

1 <oj&m^WL±m\z\tmmmm:^]&i\zm%^^ hJi^Hfm 

OT, 7 * h VX 2 1 6«T EiS5feO|H||fr3te;t:tt;&< 

^^2 2T:ssmae)en, ^s«ffi2 3tcaic[>^-r>T 

> KX'<-X/ti5'-><D»d«j|g|ft3nT. i^lfeM2 3 t:: 

[0 0 2 8] ^mmmxu. n^^^ hn^w^^is^-xD 
m\zw^ffu:^\^izmm'r^yt1eifx^^m^tl^<Dx. 

^. ttffls^7hRi 2©««ffl5^*«sflPTtt»a:Jt© 

iKi Mzn^.'T^^mznmuf^mii^miSL^n^. * 

EiB5t + TMii3t) TMii^ 
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[0 0 2 9] 'A\Z. 04 (a) . (b) \t7^^m(Dm2 10 

0tc:feviT, ^^mi<D:cyi^mz\tmmm2^\t 

\zktmm3ft<o^.m^?^y2^it^^^i^.mi^yhmi 2 
)^«frte>nTVis. X, o<r^±miz\tm^m 

3t:*r^s-e^ AS d t T/t^^-xoa > h ^ X h 

[0 0 3 0] ^^icias (a) \t:^^m(r>m3mmm\zj: 
s:?* h^x4^<o¥fflST*o, gi5 (b) «?*>&-rs 

bTISI 0 ^ ^►S^ISU 2 €.C!>3ie<Z>^affi3g** A / 2 t/i 
Scfcotc, 2^fiB2Jc«-:3:fe^lc&ffl>':7 hR (^^ 

[0 0 3 1] cdT. SIS (b) (D^isitmx\t. mif& 
^Aommm2ii^^<Dyttm2U^B<Dmmm2tf^^<o 
yttfi^'=f^mvx/^^'~>mz^^ft^±\^^z,t^m^f^ 
fcj&tc, ^im^A^m2^^Btx^m^^x^*£:^m 40 

/t. HPS, H»C^$nSJ:^JC, fSlaB^^AOa 
qga52C!><ifflS:0, TT, 0, TT-iirSt. ^2a?^^B 
c?!)S^^B<0(a:ffitt3 7r/'2, 7r/2. 3 7r/2. 7c/2 
"'t\^it<x\tixib^. Am^<nm&i^y 

uo. ^7.^(D9u&ifi^ii/i\zmmtu^. 
[0 0 3 21 cnic^u, ^^mmm^Koms (a) -c 

umi 3ltJ^M2fig^>A, n\z\t. ^^n^->(r>mt^ 

nu:^^izumr^^<D^^mT^'^'^^^ytm 

-r) ft^m-f^tix^x). mimm^^<Dm.^yttm2m 

^if^e,<ommmt.m^iz=^^Ltt^>. vt-:>x. sei»^ so 
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Atm2fs^^BxmT&^(DiSLm^^^^£^witix< m 
m>thT&m^2(Di{tm\to. 0. rr-t-rnti^ 

[0 0 3 3] mz. S6 (a) . (b) ^t^mXyXm^L 

/t^->*-&tj«€rcoif! m^^mm) \zz>\.^xw^'t 

[0 0 3 4] LA^b. «Af^)IS^>ti:bT^>i5^A«>t 
[0 0 3 5] SI6 <a) {C^ir^T> mm&iSL\0<O^m 

<n^mz\m 1 izmmu"^^ >r > \^y^-^-7.n^-> 

X, BI(f>Si;^ll«l 0O£fi!a>«jft{C»^:&6d:&|Blj3^/'^ 
[0 0 3 6] X, K6 (b) Ji, iS^-7^Jl'r$'-^ffi^^^ 

s. ii<7)«rtt, UiL/'^^—>(ommmiziS[mu>x<D 
tt«»i/t^->i 7o:fe€r^r> fi^ifty^, ft^wp-r 

«>Z:tTI«5BSnS. 06 (b) oaiffl/t3'->l 7 

[0 0 3 7] t^x^kiz. ms\t:^^mmsmmmiz^^ 
* t5, :^nm0ix\tmmyt^^^\zis^^3 e s^ttr 
tiftmmmtmFi^z 2. 5^-33. fk^v>xz 

4, :^-:/5^*JK>T-i/^U-:5^-3 5&^br. <i3fc« 
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3 6 (c AW-r ^. c (omyt^ a 6 ^tacmm 3 7\z^r)^ 

[0 0 3 81 fi3t«3 6ifcfiiaU>h3t»4> n>v=>tf 
— P>X3 8. 4 0, 5^— 3 9Ci»^»nT7:r h^X 

4 3lC±Om5fe* »!7X/M 4fcvxey/t^— 
n^ytU>X3 4 :&;W'f >7^yw-^3 5<J!) 
(0 0 3 9] SlCl-r. *^ife«a|tC*3tt'5'7X^^/^:5^— > 1 

tttt®«l:3&r^ (0 7 (a) tTSroTi^-a. pgjwij 

[0 0 4 0] ^mmm-cit. msom3^mn<om 
ytwis 6\zxr>xmm^(D(syt:^m^-r7.ir 4 kdcco 

5'->«<o:3>'h7^XhS:rnl±$1t'5 3:i!:;0*T#S. C 4» 

r^:^]^\zm9ihr^:it\z^^t/^. :$:mmm'c\t. ii« 

:i^Jc<i;oT, m«D<Da3fi>tc75«Jft;&iRi*9 oa^>fk 

/'^ ^ - ><03a t Wf ;fe55r ifiJfC^^TT « i ^ T 

^fiis-r^^j^Ri 6$»:(t^;i<hT. iai»iS3^T«^RP. 
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CO 0 4 1] £4±<0<fc5JCLT. VX^ 

A^->±mz^\^^x&,pf^t^mf^^^mvr\,'^^. 
nM0^x\t. vxi^yt3'->t*>(7>at)^vifie^55fi^tc'& 

tt-Sct-^icLfccoT, vx^c^Kjfi'b^gTafe^. * 

mxi^i^/j^\zmMi'r^yt(D3!f^^m^^'^^^^. myt 
miAmm^^m^'T^z.tizu^ifi. :^vi^mnmytm 

[0 0 4 2] H8(c:felr>T«, ytMSlWI^m^ 

mz^mmmm^^ft\tnwiiyt^mm^^u-^ 

L T 1 / 2 1 / 4 «rg« Sr/fl ^» ;i ^ *t-c # 

[0 0 4 3] ;^:tr. S9 (a) \t%mii\^xv-^^m 

L . iytUt^ C03^^) tt, 1/2 3 6 a Aft 

TS, l/2&:g«3 6 a(OSm**^fRl <at|J 

^. I5&^T. «l^m3 7JC,*:0 l/2i&:g«^3 6 a&,^ 

[0 0 4 4] I / 2Wi&sL3 % Q,<o^mm^. a 

9 (b) C^^tl-SftK, S2p||b (2i^li«) IC^ffJ^ 

myti3^<r>mjs^yt\z%i\^x\x. ii =mi A + a<D)tM5 
m^f3iU^^\P\(DmAmzi^\.xxt. la 

[0 0 4 5] 5t«;&>e>ttl^$n^>t*tii:iK(i3t-C/a:<P3 
ig3fcT*2>«'&l4, l/2|S:S«<Z>^^0J;:i/4iftfi 

^na^^tt. i/4i&fi«cr)|5ngtt»::^i$ijci£:i:fcii[ 

[0 0 4 6] ±M<0^^\z. mSL^VXWMA^^tz.\t 

lfi^^«^l/'4ig^Sfi^fflV>ntJ, 3tai;5^'&<03tfiS:li 
^T-S c a:;i<iS;t;^fplSSai;i:3^rRj»c^^bTVxe^ 

^) , u'9mwA^<r>^m\tmMmzm>\zu^x{^^ 

o(DX. z.<oMJi^mMrt^^-^t'i^^. 

[0 0 4 7] fs.^^ U^^Wtt,hXl/AtiL&iSL. \/ 
2ift^4g*«fflr««^, Alt3te*W:^2ff3fc^lCi&ViC 
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[H3] (a) , (b) \%:^m^<K>^m^W^-^^1^ib 

[04] (a) . <b) tt*$8?«5g2||lfiWc.t:*:7* 
h -7 X <?5¥®0&tWffiigT«» ^ . 

[0 5] (a) \'i.:i^%mm^^Vm\Z^^y:^h'^7si? 
CO31iffi0T»O, (b) ttti»{rcfc^:7* hTX^W^F 

[06] (a), (b) tt*^?^^4flJg0^lcJ;^:7* 

[07] (a) . (b) \t^^mm^m&mz^^yii^ 

h VX ^ O^MH&OTJf fl50T?*e. 

[0 8] :^%mmb%mmxm\^^^m^m0m^<m 

[0 9] <a) , (b) tt«316^1»co{g^^il:lcr3ViT 

«ft^-r^fcie)<7)«ia:0-rfc^. 

[^^^C02«9^] 

->7hgB> 13, 15. le'-mmsk. i4-iftfl[7>f 

JI^^'-. 3 1-3t«, 3 2-«Ra, 3 3. 3 9-59 

^5^- 3 6--(i^«. 3 6 a-l/2&Stg. 3 7-3£» 
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MlE^t^JlB^l 0 00 3 

a&, m^\^. 2 - 5 o 8 i i ^>e;^%{c:^j;. 7:r 

[lilE^iK^S^] 0 00 6 
[0 0 0 6] 

mjE^mmmtt: 0010 

[0 0 10] ;^\z. iftffi2 3#jft<z)iHi^^o3»T*«iC; 

^\Z7F:{y1tt><Difi^3U} . (b) 03(8) \t. 



TE (transverse electric ) Mytt^iti^^m'V^ 
it:tt3teT*S, — *v K3(b) tt. TM (transverse ■ 

agnetic ) myttm:£n^iftm^$^r). i&§Bi^i^h)V(r> 

VX2.T«> BI3(a) <OTEfi3tetia3(b) ©TM«3fe 

mfft^o^i:. i)v^yy^xM\z^\i'^x\t. mM.^i/ 
mmmmm^} 0040 

[0 0 4 0] ^T. ^mmmx^t. ssoK^tgeco® 

^«3 6lCci:^TSl9g3feC!>fiS3K:::5r^Svx^4 IOC(0 

UCDa^^JCl/2tfeg«{CtH^-r'5{g3tiei 5$r^tt^ 
u.ii:»CJ;or> li«D<DSjft3tCD®»:^r6j«:9 0^3^ffc 

^ - t^fT3^:&italw®l!r'r * tt3ii«3tfc J; t 
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